A spontaneous seminoma in a 3 yr old male koi carp Cyprinus carpio L. is described. The animal, presenting a symmetric abdominal enlargement, showed a celomatic multinodular, whiteyellowish and firm mass that infiltrated the liver and the intestine wall. Histologically, the neoplasm was non-encapsulated and poorly demarcated, showed invasive growth and was characterized by a lobular architecture, subdivided by abundant fibro-connective septa. Large necrotic and calcified areas together with small aggregates of residual spermatids were present. We diagnosed a classical seminoma with a diffuse pattern. Neoplastic cells cross-reacted with vimentin, placental alkaline phosphatase, and c-KIT. An immunohistochemical phenotypization of the tumor was performed to exclude other celomatic neoplasms and to compare this seminoma with those reported in mammals and humans.
INTRODUCTION
Gonadal neoplasms are generally considered to be rare in fishes (Hawkins et al. 1996 , Groff 2004 . Spontaneous testicular tumors of gonadic germ cells (spermatogonia) have been identified in zebrafish Danio rerio Hamilton (Smolowitz et al. 2002 , Spitsbergen & Kent 2003 , barbel Barbus barbus L. (Palikova et al. 2007) , African lungfish species Protopterus aethiopicus Heckel, P. dolloi Boulenger, P. annectens Owen (Nigrelli & Jakowska 1953 , Masahito et al. 1984 , Hubbard & Fletcher 1985 , black seabass Centropristis striata L. (Weisse et al. 2002) , yellow perch Perca flavescens Mitchill (Blazer 2002) , carp Cyprinus carpio L., and goldfish Carassius auratus L. (Leatherland & Sonstegard 1978 , Granado-Lorencio et al. 1987 , Down & Leatherland 1989 . Spontaneous gonadal stroma tumors such as Sertoli-Leydig cell tumors have been described only in cyprinids (Leatherland & Sonstegard 1978 , Granado-Lorencio et al. 1987 , Down & Leatherland 1989 , Groff 2004 . Mesenchymal gonadal tumors such as leiomyomas and fibroleiomyomas are common in the testis of yellow perch Perca flavescens Mitchill (Budd et al. 1975 , Blazer 2002 , in largemouth bass Micropterus salmoides Lacepède (Herman & Landolt 1975) , and in cyprinids (Granado-Lorencio et al. 1987) . This is the first report of a spontaneously occurring seminoma in an adult male koi carp Cyprinus carpio L.
The tumor is described histopathologically, and an immunohistochemical phenotypization was performed to exclude other celomatic neoplasms such as hepatic or intestinal carcinoma and lymphoma and to study similarities with mammalian and human seminoma.
MATERIALS AND METHODS
A 3 yr old male koi carp Cyprinus carpio L. with gross pathological symptoms consisting of a symmetrical abdominal enlargement was examined histologically and immunohistochemically. The first 2 yr, the fish was kept in a farm with natural reproduction in Italy. It was then kept for 1 yr with other koi carp in a pet shop tank, during which period it was not treated with chemicals.
Immediately after death, the animal was sent to the Servizio di Anatomia Patologica, Deparment of Veterinary Public Health and Animal Pathology, Faculty of Veterinary, Bologna, Italy, for further investigation. A complete necropsy was performed, and parts of the neoplastic mass and liver, intestine, swim bladder, kidney, gills, skin, and muscle were removed and fixed in 10% formalin or Bouin's fixative for histological examination. Sections were stained with hematoxylin and eosin (H&E). Additional samples of the mass were stained with periodic acid-Schiff (PAS) to detect the presence of glycogen in gonocytes. For immunohistochemistry, only formalin-fixed tissue samples from the mass were used. Immunohistochemistry was performed with antibodies against cytokeratin (1:50, clone AE1/AE3; Dako), vimentin (prediluted, clone V9; Novocastra), c-KIT (1:600, polyclonal; Dako), placental alkaline phosphatase (PLAP) (1:25, clone 8A9; Dako), alpha-fetoprotein (AFP) (prediluted, clone C3; Bio-Genex Laboratories), estrogen receptor (ER) (prediluted, clone SP1; Ventana Medical Systems), neuronspecific enolase (NSE) (1:1600, clone AB-1; NeoMarkers), calretinin (1:100, clone AB-1; NeoMarkers), CD3 (1:75, clone F7.2.38; Dako), CD79α (1:10, clone HM57; Dako), CD45RA (1:20, clone 4KB5; Dako). A mammal positive control and a non-diseased carp testis were added. For negative control purposes, the primary antibody was replaced by a monoclonal antibody of irrelevant specificity (mouse anti-IgG1, DAKO X0931; Dako).
Briefly, endogenous peroxidase activity was blocked. Tissue sections were treated for antigen retrieval in citrate buffer at pH 6.0 or EDTA buffer at pH 9.0, according to the manufacturer's instructions. The sections were incubated with the primary antibody. A manual staining protocol was employed for cytokeratin AE1/AE3, PLAP, CD3, CD79α and CD45RA; an automated staining system (BenchMark ® Ventana Medical Systems; Bond TM maX Menarini) was used for AFP, NSE, c-KIT, calretinin, vimentin, and ER. The revealing system used was the LSAB © kit (Dako) for cytokeratin AE1/AE3, PLAP, CD3, CD79α, CD45RA, and the EnVision™ System (Dako) for ER, AFP, NSE, c-KIT, calretinin, and vimentin. Antibody localization was subsequently visualized using 3, 3'diaminobenzidine (DAB) (Sigma Chemical) and counterstaining with Papanicolau hematoxylin.
RESULTS
Clinically, the animal showed lethargy for a duration of 1 mo. One wk before death, the animal presented signs of anorexia and marked abdominal enlargement. The skin overlaying the enlargement was thinned and scales were missing.
At necropsy, a multinodular, 7 × 5 × 3.5 cm, white-yellowish and firm mass filling the celomatic cavity was detected. The mass was located ventral to the kidney and to the swim bladder. It appeared non-encapsulated, and its anterior portion showed a bosselated pattern that had infiltrated and replaced a large area of the liver lobes. The intestinal loops were also invaded, making it impossible to unravel them. The kidney, gall bladder, and swim bladder were not invaded by the mass. Gonads were not recognizable ( Fig. 1a) .
Histologically, the neoplasm was non-encapsulated, poorly demarcated, and it compressed the hepatic parenchyma, causing atrophy. The mass appeared multilobulated and highly cellular, and was character- DAB staining, Papanicolau's hematoxylin counterstain ized by a lobular architecture, subdivided by abundant fibro-connective septa (Fig. 1b) . In the stroma, scattered clusters of lymphocytes and melanomacrophages were present. Neoplastic lobules showed an infiltrative growth into the liver, replacing much of the hepatic parenchyma, and into the intestinal wall ( Fig. 1c,d) .
Lobules were composed of cellular sheets of neoplastic polygonal cells, supported by fine fibrovascular stroma (Fig. 1e) . The neoplastic cells were 10 to 15 µm in diameter, without well-demarcated cytoplasmic borders. The cytoplasm presented several thin granulations and the nucleus was large, round, hypochromatic, and centrally located, with scattered chromatin and a single nucleolus. There was moderate anisocytosis and anisokaryosis. The mitotic rate was low (<1 per high power field). Large necrotic and calcified areas together with small aggregates of 3 to 5 µm round basophilic cells consistent with residual spermatids were present (Fig. 1f ). Neoplastic cells were PAS-negative.
The neoplastic tissue cross-reacted with vimentin, displaying a focal positive, strong cytoplasmic immunostaining throughout the section (Fig. 1g) and with PLAP showing a focal positive, faint, and cytoplasmic reactivity (Fig. 1h) . A mild cytoplasmic focal positive immunoreactivity of neoplastic cells for c-KIT was also present. Fibro-connective septa separating neoplastic lobules showed a cytoplasmic immunoreactivity to cytokeratin AE1/AE3. No positive signal was detected using the antibodies AFP, ER, NSE, calretinin, CD3, CD79α, and CD45RA.
DISCUSSION
In cyprinids, a high prevalence of spontaneous gonadal neoplasms has been reported in hybrids of goldfish Carassius auratus L. × common carp Cyprinus carpio L. (Sonstegard 1977 , Leatherland & Sonstegard 1978 , Dickman & Steele 1986 , Granado-Lorencio et al. 1987 , Down & Leatherland 1989 . The cause of these lesions is uncertain; Sonstegard (1977) hypothesized that this condition was caused by polychlorinated biphenyls or dichloro-diphenyl-trichloroethane, and Dickman & Steele (1986) attributed them to chemical agents originating from industrial waste. Conversely, Down & Leatherland (1989) found that these neoplasms were as common in areas relatively free of industrial or heavy domestic discharges as they were in polluted locations. However, a relation to genetic factors has to be considered. In fact, ornamental carp with complex genetic histories also develop ovarian neoplasms that may be hereditary (Ishikawa & Takayama 1977) . The latter authors reported on a wide survey of 21 ovarian neoplasms (dysgerminoma, theca cell tumor, and granulosa cell tumor) in adult nishikigoi hybrid carp C. carpio which occurred from 1974 to 1976, according to data collected by breeders and examination of various previous documents.
Ovarian neoplasms in ornamental koi carp Cyprinus carpio L. are similar to those described in wild goldfish × carp hybrids: they are common in sexually mature females and apparently originate from the ovary, although the cellular origin is often difficult to determine (Groff 2004) . A recent survey of neoplasms in C. carpio L. undertaken by the Centre for Fish and Wildlife Health of Bern, Switzerland, found 44 abdominal tumors, of which 39 were interpreted as gonadal tumors. In accordance with the literature, all animals found with gonadal tumors were females, with the exception of 1 male and 1 hermaphrodite. The neoplasms usually appeared malignant, with invasion of adjacent organs and the presence of poorly differentiated neoplastic cells with a high degree of anisocytosis and anisokaryosis (H. Schmidt-Posthaus & R. Knüsel unpubl. data). The 2 testicular neoplasms were diagnosed as a sex cord-stromal tumor in a testis and a germ cell tumor in the ovotestis.
To the best of our knowledge, the present study represents the first report of a spontaneously occurring seminoma in an adult male Cyprinus carpio L. Macroscopically, the seminoma was a multinodular, nonencapsulated and firm mass, filling the celomatic cavity and invading the intestinal serosal surface and replacing a large area of the liver lobes. In fact, in cyprinids, the multilobulated liver intertwining between the mesenteries of the intestine may favor the spreading of neoplastic cells by contiguity (Hoole et al. 2001 ). Gonads were not recognizable, and the neoplastic mass appeared to originate near their normal location. Histologically, the neoplasm was characterized by a lobular pattern subdivided by fibro-connective septa, small aggregates of spermatids, and a low mitotic rate of neoplastic cells. These findings are similar to those described in Japanese medaka Oryzias latipes by Hawkins et al. (1996) and in zebrafish Danio rerio by Smolowitz et al. (2002) . Another similarity was the presence of scattered clusters of lymphocytes and melanomacrophages in the stroma and an infiltrative growth, limited, however, to the liver parenchyma and the intestinal muscular wall of the tumor described here. In our case, moreover, the neoplastic lobules also compressed the hepatic parenchyma, causing atrophy. The other seminomas described in fishes differed from our case in their histological features. The 2 spermatocytic seminomas described by Nigrelli & Jakowska (1953) and Masahito et al. (1984) were characterized by neoplastic spermatocytes in various stages of maturation, maintaining the normal spermatogenetic stages, while the seminoma described here showed undifferentiated neoplastic cells consistent with immature neoplastic elements, typical of classical seminoma and not of the spermatocytic type. The seminoma described by Hubbard & Fletcher (1985) consisted of well-differentiated populations of large neoplastic cells with a high mitotic rate and not remarkable inflammation and necrosis. In our seminoma, neoplastic cells were undifferentiated, showing rare mitotic figures, large necrotic areas, and scattered clusters of lymphocytes and melanomacrophages in the stroma. Finally, the seminoma described by Palikova et al. (2007) displayed poorly differentiated neoplastic germ cells as in our case; however, the numerous mitotic figures and multinucleated cells described by these authors were not present in our seminoma.
According to the WHO International Histological Classification of the Tumors of the Genital System of Domestic Animals (Kennedy et al. 1998) , our seminoma could be classified to exhibit 2 growth patterns: intratubular and diffuse. The evidence of a lobular arrangement of neoplastic cells divided by a stromal component infiltrated by lymphocytes suggested a similarity with the diffuse form. However, the high malignancy of our seminoma and the probable origin of the neoplastic cells from undifferentiated seminal cells led us to define it as a classical type, according to the WHO classification of testicular tumors in humans (Mostofi & Sesterhenn 1998) .
The immunohistochemical phenotypization of the tumor was made for 2 reasons: (1) to verify eventual similarities among mammalian, human and fish gonadal tumors, and (2) to exclude other celomatic neoplasms such as hepatic or intestinal carcinoma and lymphoma. Some immunophenotypical similarities were found with gonadal tumors reported in mammals and humans. Detailed immunohistochemical studies on human and canine germ cell tumors revealed an immunoreactivity of seminomatous germ cells to vimentin, PLAP, and c-KIT, but not to NSE and cytokeratin (Feitz et al. 1987 , Foster & Ladds 2007 , Grieco et al. 2007 . PLAP, which is produced ectopically by a variety of malignant tumors including human seminoma, was found to be a specific antibody for neoplastic cells of a classical histotype (Lange et al. 1982 , Grieco et al. 2007 ). c-KIT, which is normally expressed by germ cells, has been validated as a marker to distinguish seminoma from Sertoli cell tumors, as it is also expressed by undifferentiated neoplastic seminal cells (Grieco et al. 2009 , Yu et al. 2009 ). A positivity of neoplastic cells to vimentin, PLAP, and c-KIT was detected in the present study and permitted us to classify the seminoma as a classical type. The PAS staining of seminomatous cells was negative, in contrast to data obtained by Grieco et al. (2007) .
As to the differential diagnosis with other celomatic neoplasms, intralobular seminomatous cells were constantly negative to cytokeratins AE1/AE3 in the present study, excluding a carcinomatous origin of this tumor. Similarly, all lymphoid and haematopoietic markers (CD3, CD79α, CD45RA) specific for the detection of lymphoma were negative.
Immunohistochemistry has recently found its application in phenotyping fish neoplasms, such as melanoma, schwannoma, or adenocarcinoma, through expression of markers such as S100 protein, calretinin, or cytokeratin (Sakamoto & White 2002 , Marino et al. 2007 , Magi et al. 2008 , Marino et al. 2008 , Dale et al. 2009 ). The use of mammalian antibodies in fish tissues has some limitations related to their specificity. However, these can be reduced by the application of appropriate positive controls of mammalian and fish tissues together with a negative control that permits demonstration the specificity of reaction.
In conclusion, the findings of the present study permitted the classification of the neoplasm examined as a classical seminoma with a diffuse pattern. Its malignant behavior was supported by the finding of a massive invasion of the intestinal wall and the liver. 
